Molecular cloning and functional analysis of the ortho-hydroxylases of p-coumaroyl coenzyme A/feruloyl coenzyme A involved in formation of umbelliferone and scopoletin in sweet potato, Ipomoea batatas (L.) Lam.
Ortho-hydroxylation of cinnamates is a key step in coumarin biosynthesis in plants. Ortho-hydroxylated cinnamates undergo trans/cis isomerization of the side-chain and then lactonization to form coumarins. Sweet potato [Ipomoea batatas (L.) Lam.] accumulates umbelliferone and scopoletin after biotic and abiotic stresses. To elucidate molecular aspects of ortho-hydroxylation involved in umbelliferone formation in sweet potato, isolation and characterization of cDNAs encoding 2-oxoglutarate-dependent dioxygenases (2OGD) was performed from sweet potato tubers treated with a chitosan elicitor. Five cDNAs (designated as Ib) encoding a protein of 358 amino acid residues were cloned, and these were categorized into two groups, Ib1 and Ib2, based on their amino acid sequences. Whether the recombinant Ib proteins had any enzymatic activity toward cinnamates was examined. Ib1 proteins exhibited ortho-hydroxylation activity toward feruloyl coenzyme A (CoA) to form scopoletin (K(m)=~10 μM, k(cat)=~2.7s(-1)). By contrast, Ib2 proteins catalyzed ortho-hydroxylation of feruloyl-CoA (K(m)=7.3-14.0 μM, k(cat)=0.28-0.55 s(-1)) and also of p-coumaroyl-CoA (K(m)=6.1-15.2 μM, k(cat)=0.28-0.64 s(-1)) to form scopoletin and umbelliferone, respectively. Fungal and chitosan treatments increased levels of umbelliferone and its glucoside (skimmin) in the tubers, and expression of the Ib2 gene was induced concomitantly.